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~n investigation of the l~w-epeed; gowe-f stability  an^ control 

characteristics of a &-scale model of the Coneolidated'VAtee XB-33 
drplane has been conducted 'in the Langley. free-flight tunnel. In the 

- in%estfgation it -.found that wlth-.f'faps neutral satisfactory flight 
. behavim at low speeds was obtainable with 831 increase in height of the 
vertical.tafl and with the inboard slats opened. . In the flapdown slat- 
open condition the  longitudinal stability vas satisfactory, but it & 
impossible to obtain  satisfactory lateral-fllght characterlstfcs,even with 
the increase In helght of the vertical tail because of the negatlve 
effective  dihedral, low dlrectional  stability, and large-adverse yawing' 

moments of the ailerons. 

i 

An investigation of the l m s p e e d ,  poweroff stability and control 
characterlstlcs of a L-scale m c d s l  OF the .Consolidated Vultee '-53 
airplane has Seen  conducted in the Langley free-flight tunnel a+, the 
request of.the Air h t e r l e l  Command,. Arug Air Forces. The -53 i e  a 
:et+pr?pellad, sveptforward, tailless bom'oer deslgn. 

2 0  

1 " s c a l e  model without parer fo r  both:the fla_pretracted and f l a p  20 
extea& ca~igwit~one, 

The present lnvestfgati on .included force and f ltght testa of the 
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S w i n g  area, square f ee t  
- 
C 

- I  

mean aerodynamic chord, f ee t  
. .  ,- - . ,  

b wing spari, feet . 

Q .dynamic pressure, pounds per square foot 

0 . air density, slugs per cubic foot 

a angle of attack, degree.8 

3 angle of sideslip, degrees 

(3 -drag coefficrent (Drag!qS) 

cm pftchl~rnoment  coefficient (Pitching mamsnt/qSz) 

c, gawiwoment  coefficient (Yawing mcrment/qSb) 

C2 rolllrqymment coefficient (Rolling mcanent/qSb) 

r a t e  of c m e  of lateral-force  coeffic ent with 
angle of sideslip,  per degree (acy/a$ 
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APPARATUS 

c 

wind Tunnel 

The investigation vas made in the Langley 
. which -8 designed to test free-flying  dynamic 
descript:on of  the t tmel and its operation is 

I .. 
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f r e e f l i g h t  tunnel . 
 model^: A conqhte 
g€veg in reference 1. 

The force tests to determine the  static aercdynaic characteristics 
of $he model.were made on the f r e ~ f l i g h f + t m e l  sflc-componsnt balance 
whfch  is descrlbed in reference 2. This balance rotatea izl yaw wlth the 
mcdel.eucb that'al forcee and moments are measured w i t h  respe'ct to the 
-stability axes. A sketch sharing t he  positive dtrection of the  forces 
and moments and the  definition of the stabilfty axes is given in figure 1. 

Model 

The ='scale model used in the investigation w a s  canstructed at 
the.lan&ley laboratory. A three-view drawing of the model is  presented 
in figure 2 armd photographs of the model ase given 88 figure 3. Table I 
gives the diruensi'onal and mass characteristics of the fill-scale design 
and the scaled-up dimensional a h  mass characteriatics of the model. It 
was bgoasible to duplicate the scaled-d~ mcaasats of inertia on the 
--scale m o d e l '  Because of the weight-distribsztion of the materiale uaed I 
20 
in the construction. A rau& check of aome of the estimated moments 
of inertia fo r  the f;ull-scale airplane  indicates that the estimated values 
are probably low. The maments of inertia of the free-flightrtlmnel 
model,  therefore, are proaably not a8 much greater than the airplane 
s c a l d o w n  values appears . in table I. 

1 

The wing of  ths model has a mode St. Genes3 35 airfoil  section 
mrmndicula- to the 0.50 char& ltne. The substitution of this  sectcon 
for t h a t  smcified far the full-scale design (NAC.4 651412) was in 
-.accordance with fie-flight-tunnel practice of uaing airfo:l sections 
which obtain m a x f m u m  lift coefficients in ths low-scale teste more 
nearly equal to those of the full-scale  airplane using the design - 

afrfoil. 

For the flapdmm configuration  on  the  airplane, an outboard s l n g l e  
slotted flap wlth trailinpdge aileron is deflected ~ ! ! 3  an inboard 
leadi-ge slat is sxtended. (Eke f%g. 4.) For the  freeflight-t!rnneI 
tests, the  fnboard l e a d i w d g e  slat waa a l s o  x e d  with the flapretracted 
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conf'igurat:on in an effort to iliirrove  tine Iongftudhal and directional 
stability  at higklift coefficients. 

The model was modified for some of the tests by adding an extension 
to the design  vertical t a i L  as sham in figure 2. 

TESTS 

Force Tests 

All force  tests were made in the Langley f r ee f l igh t  tunnel at a 
dyna~2c pessure of 3.0 pounds per  squere  foot  which  carresponds to about 
34 Wles per hour at atandard  eea-level conditione and to a test  Aeynolds 
number  of 30?,000 based on  the mean aerodymmlc chord of 0.961 foot. 

Force  tests  were  made  to  determine the lift, drag, and <itchi- 
moment  chsrracterlstics of the m o d e l  wlth  the  flap  retracted and flap 
extended with the  l e a d i w d g e  slat on  and cff for  an angls-of-attack 
range f ro=  a0 to ,20°. Because of the caber of the  airfoil used on 
the model, It was necessary  that the elevators and ailerons be deflected 
-100 so as to give  about  the s q  basic  Dltching  moment a8 t h e  airplane 
with 5 t s  design airfoil. 

Force teste  were  made m e r  an angleof-attack range of yaw  to 
determine the. laterel &ability  characterlstfcs of the  nodel with the 
vertIcel ta ' i l  cff, with the design vertical  tail OR, and w:th 811 
extsnsion cn the design  vertical tai l .  Tests  were  also made to deter- 
nIne  the  effect of the leadiwdge slats on the  lateral  sta3ility. 
characteristlcs for  b o t h  t h e  flepretracted and flapxtended cofligu- 
rat i on8 . 

Allero-ffectiveness  tests  were  made  w!th flaps d m  over a n .  
Etngl&of-attack range w i t h  the atlerons  deflected up and d a m  20° 
up 4D0 from'the zero neutral positZon. 

Fli&t Tests 

Flight teats  with f l a F  retracted were made w i t h  the l e a d i w g e  
slat on and off  over a lif-oef ficient range f'ram . CL = 0.44 to 

c 

CL = 0.83. In addition, some t e s t s  were made with an externion m,the 
design vertical tail. 

In the flapextended configurations, a l l  flight t e s t s  were made 
with  the  leading-edge slat on. In addition to the tests with.the  design 
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ver t ica l  tail, a few tests were made with an extension on the .tail, 

frm a:= 0.48 to. CL = 0.98. 
ii . .  Tests  with  the  flap extended  were made over a 1if”bcoefYicient  raage 

Force Tests  

The results of  force  tests made t o  determine the  longitudinal 
and l a te ra l   s tab i l i ty   charac te r i s t ics  of the  fYee-flight-tmnel model 
are nresented ’Ln figure8 5 t o  11. comparable data from reference 3 
obtained  from  higher speed  tests (Reynolds number = 2,430,000) of a 
--scale ‘model  a t  GALCIT (Guggenheim Aeronautical  ‘laboratory, 1 
10 
W i f o r n i a   I n s t i t u t e  of Technology) are also presented on these figurea . 
A l l  free-flight&unnel  data are referred  to  the normal centepof- 
gravity  location at 9.8 percent of the mean aerodynamic chord and all 
GALCIT data presented axe re fer red   to  a centemf-gravity  location 
of l.3. percent of the mean aerodpamic chord, 

FlaD retracted.-The longi tudinal   s tabi l i ty  data of f i p r e  5 indicate 
that the fre~flightrtunnel.results for the f lapretracted  configurat ion 
were  generally i n  good agreement with the higher  scale W I T  tests 
except for the   sea te r   reduct ion  in  longi tudinal   s tabi l i ty  a€ the stall 
for  the  fkee-fligh-btunnel model. Thie difference is probably cauaed 
by the dlfference in the  scale of the tests. With the  leading-edge 
slat extended, however, the pitchi--nt curve for the f’re+flight- 
tunnel m o d e l  remained stable -at the eta l l  (fig.  6) and m e ,  i n   t h i a  
respect,   in agreement with the GALCIT resu l t s  wit.hout the  slat, It 5s 
blieved,  therefore,  that the  longitudinal  stabil i ty of the f r e e .  
flight-tunn‘el m o d e l  at- the stall with slat on will be representative 
of the  airplane  with slat off .  The s t a t i c  margin was slightly reduced 
over the lift range up to the stall by the  addition of the slat, 

f 

Flapretracted  la teral-s tabi l i ty  data for the fie-flight model 
are presented  In  figure 7 along with the GALCIT data. The data are . 
presented in the f o r m  of plots of t he   s t ab i l i t y  parameters C, 8’ Czg. 
a n d  C y B  &galnet  angle of attack. These data indlcate  decreasing 
Fositive  effectfve dihedral up t o  the stall, at which point  the  effective 
dihedral Increased  rapidly, The same general variation of effective 
dEhedral with angle of attack was s h m  fo r  both the free-fl ight and 
GALCIT models. 

L .  
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about the game directional stability mer 
both the freeflight and =IT models 

?he laierel stability data wessnted in figure 9 show that the 
efrsctlve d’.hedral fm-both models ia alcghtly negakive at low 

q l s s  of attack snd Increases negatively up-to the stall, at whlch ooint 
t h e  effective  dihedral becomes positive. ’. 

c213 

Tho data of figure 9 also indicate t,bt the  d.irect:onal  stabflity 
f o r b o t h  models wlth t h e  leading-edge  slat off is low at the lover lift 
coefficients ant2 decreases to.the polnt of instability  at high lift 

,..coefficients. Since poOr flying  chesakterietica were anticipated  because 
of the low directional  stability, an extension was added to the vertical 
tail (ffg. 2) and data preaented In figure 9 show that the extension 
Lncreesed the  directlorEd  stability so that  positive  directional  stability 

-was obtain& throughout. the lift r-e. -Test data obtained w l t h  the 
lead-dge  slat on are also presented in figure 9 and ahm that - the 
slat  great-  increased  the  directional stability at high lift coefficients. 

The data of f i m e a  7 and 3 have been 8llmm~ulized in figure 10 in 
the form of a lateral-stability ch8rt. The s h h o f f  data of figure lO(a) 
show t he  large.reduction in effective  dihedral when the f l a p s  are 
deflected 30° and also. the  reduction in directional  stabilitx-at  the 
higher angles bf attack. The addition of the leadiwdge slat  (fig. 10(b)) 
reduced the large change  in.&ffective dihedral w$th flap  deflection and . 
a l s o  reduced’the  change in directional  stability with -le of attack. 

. 

Data showing the rolling and yawing manaenta produced by the ai lerons 
of the G m T T  and free-flight.models are shown fn f i g a e  11. The rolling 
effectivsmss. of the ailerons  on  the  free-flightctunnel  model I s  less 
than that s h m  f o r  the GALCTT model for the flap.dm conf?gurati on. 
Thfs is sttrlbutsd in pa?-t to th9 gap seal on t h e  flaps of the fre4-flight - 1 
m o d e l  wh:ck vas ussd  because of tha difficulty ensountered In keeping the 

Fmcs-test  date (ndt  gap  constant  dllring ths model  flrght tctsts. 
presented) shmed that the d v o f n g  aileron 
model wlth f l a p  d m  w a s  almoat  ineffective, 

on  the free-fliqht-tunmI 
which accounted for most 

t 

0 



of the difference 
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flfght mdlels. Rolling moments  obtained w i t h  one 8ilerOn up 40° were 
somewhat greater than .tho& obtained with *Oo deflection 0 ~ 1  the free- 
flight .model but  were .still less than those. of the GALCI!l' model.with 
f200-deflection. The adverse yaw moments due to aileron deflectione 
of &2O0 for  the WIT model are sham to increase w i t h  flap deflection 
anb lift coefficient and are-greaterthan those of the  free-flight model 

- with flans . defMcted.  When. one aileron was deflected up 40°, only small 
&verse yaw was obtained. at the lower lift coefficient8 and favorable 
g a ~  was obtained above a lfft  coefficient of 0.75. .. 

. .  

Flight  Tests 

Flap  retracted.-  The flight tests made with  the flap retracted, 
with the  design  vertical tail, and with the leading-edge slat off showed 
fairly satisfactory longitudinal and lateral' flight characteristics 
a t  lift  coefficients  between 0.44 and 0.65. At.these moderate lift 
coefficients,  however, more  directional etability waff desirable, 
eepecialy when flights  were made with the ailerons as the sole means of 
lateral control, because  of  objectionable  adverse yawing. Fl ight  teste 
indicated that large amounts of rudder control (about &loo) were 
necessary  to  overcame  the adverse yawing. Above a lift coefficient of 

. - 0.65 there was  considerable yawing motion of the model accompanied at 
,times by a nos-p tendency which  often resulted in the model Baing 

* .  

.- out of  control .and crashing. -easing the directional  stability by . 
adding a n  extension on the  vertical  tail was beneficial in that it delayed 
the .&et of porn stabillty conditions to a slightly higher lift 
coefficient, but thi8 did not reduce the  severfty of the lnstability at 
the stall.  The nasi-p tendency (fig. 5 )  at the stall appeared to be 
aggravated by the 'adverse y-wlng, and the-  combination  of these two 
characterTstics resulted in v e z ~  erratic flight conditions  as t h e  stail 
was approaches. 

The additlon of the inboard .lead-dge slat made the longltudinal 
stability  satisfactory at the &ell and it appears,  therefore, that the 
longitudinal  atability of the airplane with the slat clcsed night be 
eatisfactory s:nGe higherscale force  tests (GALCIT) irdiceted that the  . 
airplane w i t h  slat off will. have-about  the same s t & t l c  longltudfnal 
stability-at the stall 8s the f're+flightrtunnel model w l t h  slat on. The 
slet -8 also efrectlve In  improving directional st.abflity at hf.& angles 
of etteck end rasulte8 fn the directcorm1 ste3:lity beirig malnteined t o  
a h5gher lirt coefficient vhlch ovided better flight jehavior up to cL = 0.83 a l though  the-yewing m r- ions were still unsatlsfactmy. (This 

t e s t  deta of flgs. 6 a d  7. } 
I improvenrent In fllgkt chmacter.istics w o u l d  be expected from t h e  f o r c e  



Since  the  data for. both  the fie-flight and WIT mdels irpdlcate 
a need for  the l s a d i w d g e  slat to jaDF-ove the dlrectIonal a t a b i l i t y  at 
the a"al1, it .appears that  a slat- w i l l  be requfred for the  airplane even 
',hmgh tt 1s not  necessary from the standpoint of long"rtudina1  stabil-tty. 

Flap eH,ended.- The resu l t s  of the fllght tests of the model In 
the flap-extended configmatton indicated no serious J0ngitud:ml- 
sta'bilitg -d i f f j cu l t l e s  for the l i f k o e f f i c i e n t  range teeted &L = 0.44 
to CL = 0.98). 

The model had poor lateral-flight  character 1stIzs because of t h e  
low directIoml stability and the large amount of negatlve  dihedral. 
(frg. 9) and I t  was necessary t o  increaae  the .mdiler deflectlon from 210 
to -18O t o  ove?come~the  adverse yaw of the  ailerom. -With.C,he increased 
r u d d s r ' t r a v d ,  f l i gh t s  w l t h  combined al lsron and rudder  control were 
fairLv good. Fllghts were very difficult   to  tmint,aln,  however, when'the 
a5lerons were used as the  sole means of la teral   control .  This  wa8 

a%tributed to the large adverse yawing mameht due to   the  ailerons shown 
for t he  Plapextended configuration in figure 11 and t o  the  probable ' 

k r g e  adverse yaw drre t o  rol l ing for t h l e  design. large adverse yawing 
moments due $0 the ailerons are characterist ic of this ailerorkflap 
arrangemk-nt as shown by full-scale tests reported in  reference 4. 

The increased  dlrectional etabillty afforded by the eXteneion 
added to the   ver t ical  tail wa.8 h e l p f u l  i n  b p r o v i w  the lateral flylx 
character ls t ice   to  the extent that less at tent ion to the lateral conkrol 
vas required of the pllot when coordinated  aileroIis and rudder were ' 

used. men with  the extended vertical t&l, however, flights with 
alleron alone were unsatisfactary because the  application of aileron 
con%roi.caused  the model to yaw adversely and when the yaw became large 
the  .negative  effectlve dihedral caused the leading wing t o  "dig in" 
resulting in ',he model sllpping off and crashing in to  the  tunnel wall. 

Flights made wlth  ailerons  alone when the ailerons were deflected 
40° in  only the up direction  indicated some Improvement in the  flying 
characterist ics because, with the  decreased  adverse aileron yawlng 
moments, the yawlng motion d i d  not  build up so rapidly. The yawing 
motion, however, eventually did built3 ' ~ p  un t f l  the mc 
control. 

The reeul t s  of t e f r e e f l i g h t - t u n n e l  s t a b i l i t y  
investigation of the 1 -8cale model of the  Consolidat 
airplane may be summarlzed ae followet - 20 

and control 
.ed Vultee -53 
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Flap retracted: 

1. -The model w&s longitudfnally unstable at  the stall without 
the  slat  but was stable with the slat on. The airplane  mlght-be 
satisfactory  longitudinally  since higller scale tests indicate t ha t  
the alrplane  with slat o f f  wfll have the 8ame static  longitudinal 
'sta3llfty  at  the  stall as the We1 had w l t h  slat on. 

' 2. The  difectional  stabfllty  afforded by the deaign vertical 
tail was lov and dropped o f f  s'mplg at the stall, which  resulted  in 
poor lateral-flight  characteristic8 at the  hfgher lift coefficients. 
The vertical-tail  extension improved the  directional  stability, but 
it w a ~  still  unsettisfactory  at high ltFt coefficients. 

3. The addition  of the leading-edge slat  eliminated  the sharp 
drop in directiod stabiiity  at high angles of attack. 

Flap.-extended and l e a d i m g e  slat open; 

1. The longitudinal  stability wse satisfactory  throughout the 
lift range  tested. 

2. The directional stabiltty waa insufficient  either  with the 
design  vertical tail or wlth the vertica-tail extension added. 

9 

3. The design f lapa i le ron  arrangement gave large  adverse yawing 
A n t s  due to aileron  'deflection. 

.- 

4; The large negative effective daedral, togethe& with the low 
directional atability and adverse yaw due to  ailerons,  resulted in very 
poor lateral staMlity -characteristics w e n  wlth the vertical tail 
extension added: " 

The followlng recommendations for improTring the stability 
characteristics of the -53 airplane a r e  made on the  basis of the 
r e s u l t s  o35ained fn the  f'ree-fligh&tunnel  fnvestigation: 

1. The use of a lerger, higher  aeDect  ratio  vertical  tail and 
. a n  fnkoard leadiwdge slat w m l d  Droba'bly make the flawltp  configu- 
ration fairly  satlsfastory. 

2. Increasing the  directional stabilfty by using a larger  vertical 
tail would dl86 be beneficial for the flapdown configuration,  bnt  it is 
extremely.unlikeLv  that  even the largest  vertical  tail  which  could 
reasonably be used on the a i r p l a n e  would nake it  aatisfactorg. 
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outboard filo.tted flap w i t h  the  tra:ling-edge aileron seem to be 
eource of the flap-dam trouble, and the  diff-iculty m i g h t  Se 

remedzed by the  use of EODE other high-lift device and mother  tyFe of 
lateral control which would reduce both the adverse ,yaw due to   a i le ron  
deflection and the negat-ive effective dihedral.  

Isngley bmorial Aeroisautical Laboratory 
Natfonal Advisory C d t t e e  fcnr Aeronautics 

Langley Field, Va. 
.. . 

Charlea V. Bennett 
Aeroneuticd  Engineer 
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I i ng: 
Area, sq ft . . . . . . . . .  
SDan , f t  . . . . . . . . . .  
Aspect ratio . . . . . . . .  
Sweepforimrd, 0.25 chord line 

&an aerodynamic chord, ft . 
Root chord, ft . . . . . . .  
T i n  Chord, ft t 

Wing loading, W/S, Ib/sq ft . 
A i r f o i l  . . . . . . . . . . .  

Dzhedral, deg . . . . . . . . .  

Tertical Tail: 
Design, area, sq ft . . . . .  
Extended, mea, sq f t  . . . . 

knterof-gravity location, 
percent M.A.C. . . . . . . .  

flomnt of inertia: 
m l -  load condition . . . . . . .  

*X' . lbf t2 
%, lbft2 . . . . . . . .  
Tz, 1k-ft2 . . . . . . .  

Empty conditionr 
. . . . . . .  
. . . . . . .  . . . . . . .  

a 

19,428, OOO 
a 6,906,000 

a26, 139,000 

(TmDoesible t o  
ballaet m o d e l  

tion.) 
to this cod:- 

"""_ 
FullScale 

60,211 
7.585 

135.0 
. "- 

9 .el 

I 

3,343,ooo 
.. 6,241,000 
9,572,000 

i 

t 

- 
. . . . . . . .  

m. 



NACA RM No. L7J17 

_I' 

c 

c 

WIND 
DIRECTION 

Figure 1. - The stability system of axes. Arrows indicate positive 
directions of moments,  forces, and control-surface deflections. 
This system of axes is defined as an orthogonal system having 
their origin at the center of gravity and in which the Z-axis is in 
the plane of symmetry and perpendicular to the relative wind, 
the X-axis is in the plane of symmetry and perpendicular to .the 
Z-axis, and the Y-axis i.s perpendicular to the plane of symmetry. 
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Figure 2. - Threecview sketch of the --scale 1 model of the Consolidated 
20 

Vultee XB-53 airplane  tested in the Langley  free-flight  tunnel. 
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Figure 3. - Photographs of - - scale model of the Consolidated . 1  
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Figure 4. - Leading-edge slat and single slotted flap arrangement 
tested  in the free-flight-tunnel  investigation of the stability and 

control  characteristics of a I- scale model of the  Consolidated 

Vultee XB-53 airplane. 
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Figure 5.- Lift,  drag, and pitching-moment characteristics of the 
1 - - scale  free-flight-tunnel model of the Consolidated  Vultee XB-53 20 

airplane compared with the 10 - scale GALCIT model. Flaps 
retracted. GALCIT data  from  reference 3. Leading-edge slat off. 
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Figure 6. - Effect of leading-edge  sl'at on the lift, drag, and pitching- 
moment characteristics of the  Langley free-flight-tunnel 
- - scale model of the  Consolidated  Vultee XB-53 airplane. Flaps 
retracted. 
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Figure 7. - Lateral stabilitg characteristics of the -- scale free-flight- 1 
20 

tunnel  model of the Consolidated  Vultee XB-53 airplane compared with 
1 

the . A- scale GALCIT model. Flaps retracted. GALCIT data from 10 
reference 3. 
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. Figure 8. - Lift, drag, and pitching-moment characteristics of the 
1 - - scale free-flight-tunnel  model of the Consolidated  Vultee XB-53 20 

airplane compared with the 10- scale GALCIT model. Flaps 
' extended. GALCIT data from reference 3. Leading-edge slat 
'deflected. 
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Figure 9: - Lateral stability characteristics of the -- scae  free- 
20 

. flight model of the Consolidated Vultee XB-53 airplane  compared 
-I 

with the  scale GALCIT model. . Flaps extended. GALCIT data I 

! 

I 

f 

from reference 3. 
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Figure 10. - ' Lateral stability charts for the Langley free-flight tunnel 
and GALCIT models of the XB-53 airplane. Design vertical tail. 
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Figure 11.- Aileron rolling and yawing effectiveness of the -- scale 

free-flight-tunnel model of the consolidated Vultee XB-53 airplane 
compared with the --scale GALCJJ? model of reference 3. 
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